Pulse-chase experiments after synchronous initiation of translation indicate that the larger Venezuelan equine encephalomyelitis (VEE) virus membrane glycoprotein, E2, is derived by proteolytic cleavage of the precursor, PE2. The structural proteins of VEE virus strains representing each of the antigenic subtypes and varieties have been compared by discontinuous SDS-polyacrylamide gel electrophoresis. Nucleocapsid proteins of all isolates were similar in size (mol. wt. 35 to 36× lO3). The mol. wt. of E~ varied from 48 to 51 × IO a and the mol. wt. of E~ glycoproteins ranged from 53 to 59 × Ioa. Pixuna virus contained a third envelope glycoprotein of 59 × IOa mol. wt. in addition to the two major glycoproteins of mol. wt. 53 × lO3 and 48 × Io 3 respectively. The isoelectric points (pI) of Ex and Ez for all VEE strains studied were approx. 7 and 9 respectively. Both glycoproteins of TC-83 virus induced precipitating antibodies which reacted only with the homologous purified E1 and E2 glycoproteins. Antibodies to E3 protein of each virus neutralized virus infectivity and inhibited the agglutination of goose erythrocytes by virions. Haemagglutination-inhibition tests using antisera to E~. glycoproteins of prototype viruses, representing each of the antigenic subtypes and varieties, differentiated the viruses into subtypes I, II, lII and IV with subtype I divided into variants t AB, I C, i D and I E.
INTRODUCTION
Venezuelan equine encephalomyelitis (VEE) viruses have been serologically classified into four subtypes (I to IV), with subtype I exhibiting five antigenic variants (t A to I E, Young & Johnson, 1969; Johnson & Martin, I974) . The serological relationships among alphaviruses demonstrated by haemagglutination inhibition (HI) and neutralization suggest that the antigens responsible for type-specificity are glycoproteins located on the surface of the virus particle (Compans, I97I ; Dalrymple et al. 1972, I973) . The two largest VEE virion proteins are envelope glycoproteins and the smallest protein is a nucleoprotein (Pedersen & Eddy, I974) . Antiserum prepared against SDS-denatured large envelope glycoprotein neutralized virus infectivity and was reactive in the HI and complementfixation (CF) tests (Pedersen & Eddy, I974) . As an immunogen the large glycoprotein induced protective immunity in mice against challenge with the virulent virus (Pedersen & Eddy, 1974) . Although the smaller glycoprotein of VEE virus induced both CF and precipitating antibodies, the immunoglobulins did not react in the HI test or neutralization tests or provide in vivo immunity to virus challenge. Pedersen & Eddy (1974) found the largest glycoprotein to be antigenically distinct, whereas antiserum to SDS-denatured smaller glycoprotein reacted with the other envelope protein indicating that the smaller and (PAGE) . They placed the viruses into five groups based on differences in the number and mol. wt. of the envelope proteins and proposed a classification scheme which does not uniformly correlate with established serological and epidemiological characteristics of VEE virus strains. Since immunological and biochemical characterization of the VEE virus structural proteins is not complete, further studies with the individual virus proteins isolated in a biologically active form are needed to determine their biological properties and antigenic specificities. Furthermore, basic immunological and biochemical information about VEE virus proteins would contribute to our understanding of the biological differences between epizootic and enzootic subtypes and varieties of VEE viruses. In this paper, we report that the larger envelope glycoprotein of VEE virus is derived by proteolytic cleavage from a precursor (PE2) and thus is designated E2. A biochemical comparison of the structural proteins of representative VEE virus strains by co-electrophoresis in SDS-PAGE gels and by isoelectric focusing in urea gradients is presented. In addition, we describe the recovery of antigenically active VEE virus membrane glycoproteins and present a method for serological subtyping of VEE virus strains using antisera to the larger envelope glycoprotein (E~).
METHODS
Virus strains used. The virus strains studied were obtained from the arbovirus Reference Branch of the Center for Disease Control, Fort Collins, Colorado and from Dr W. F. Scherer at Cornell University Medical College, New York, N.Y. The VEE strains used, their kinetic haemagglutination inhibition (KHI) subtypes, as determined by Young & Johnson (I969) , and their geographic origins are presented in Table I .
Growth and purification of viruses. All of the VEE virus strains used were plaque-purified in confluent monolayers of Vero cells. Working virus stocks were prepared by infecting Vero ceils in tissue culture flasks at a m.o.i, of o-oi with virus present in one plaque plug. The culture fluids were harvested when 75 9/0 of the cells showed c.p.e, and were stored in aliquots at --7o °C.
Plastic roller bottle cultures of confluent Vero cells were grown in medium I99 reinforced VEE structural proteins 727 with I0~o foetal calf serum (FCS). The cells were infected at an input m.o.i, of o.oi and incubated for 36 h at 36 °C in medium I99 with 2 ~o FCS. For production of labelled virus, the infected cells were incubated in Eagle's medium without leucine or without glucose and supplemented with 2 ~o FCS. When labelled compounds were used, they were added at the time of infection in the following amounts: 3H-leucine, IO/zCi/ml; 14C-leucine, I/zCi/ml; aH-fucose, Io#Ci/ml; and aH-uridine, Io/~Ci/ml (New England Nuclear Corp.). After 36 h of growth the infected cell culture fluids were clarified by low-speed centrifugation at IOOOOg for 3o min to remove cell debris. Virus was concentrated by polyethylene glycol precipitation and purified by isopycnic centrifugation on continuous gradients of potassium tartrate and high-salt-sucrose as described by Obijeski et al. (I976) . Labelling of intracellular virus proteins. Six monolayers of duck embryo fibroblasts in 25 cm ~ flasks were infected with VEE virus TC-83 strain at a multiplicity of 2o. After I h at 37 °C for adsorption, 5 ml of Eagle's medium containing I/zg per ml of actinomycin D and 2 ~o foetal calf serum was added to each flask. Sixteen h later, the medium was removed and replaced with methionine-free Eagle's minimum essential medium containing I/~g per ml of actinomycin D and 2 ~ foetal calf serum. The medium of infected cultures was replaced at I7 h post infection (p.i.) with the same medium containing 335 mM-NaCI (Saborio et al. 1974; Clegg, I975; Lachmi & K/i~iri~iinen, I976) . At I7 h 4o min p.i. the high salt medium was removed and replaced with normal medium containing 5o/zCi s~S-methionine per ml. The cultures were pulsed for 4 rain or IO min followed by I5 or 6o min chases in the presence of excess unlabelled methionine. The monolayers were washed three times with TNE (I5o mu-NaC1, IO mM-tris-HC1, pH 7-2, I mM-EDTA) and lysed in RIPA buffer (Gilead et al. I976 ; I5O mM-NaCI, t ~o sodium deoxycholate, I ~o NP-4o, o-I ~o SDS, Io mM-tris-HC1, pH 7.2) containing I ~o Trasylol, an inhibitor of proteases (Biseid, 197o) , and centrifuged at 9oooog for 30 min.
Polyacrylamide gel electrophoresis (PAGE). The discontinuous polyacrylamide gel electrophoresis (PAGE) system used was essentially that described by Laemmli (t97o) . (N,N,N',N'-tetramethylethylenediamine; Eastman Kodak Co.) and o'oo2~oo ammonium persulphate (Bio-Rad Laboratories). The stacking gel was 5 ~ acrylamide, 0"22 ~/o DATD, o'125 M-tris, pH 6"7 and was otherwise identical to the resolving gel. All reagents for the PAGE system were made in sterile water (McGaw Laboratories, Calif.) . Proteins to be analysed were dissociated in SDS sample buffer (o'o5 M-tris, pH 5"8; 2"5% SDS; IO% glycerol', O'00I ~o bromophenol blue; 5 o/,o 2-mercaptoethanol) and frozen at -70 °C. Before electrophoresis the samples were heated at Ioo °C for 5 min. Slab gels were run on both sides ofa Bio-Rad apparatus Model 22o at 4o mA until the dye had reached the bottom. The slabs were 1-5 mm thick with a resolving gel 6 cm high and a 3 cm high stacking gel. Slab gels were autoradiographed using the fluorographic method of Bonner & Laskey 0974)-Tube gels composed of a 3"3 cm stacking gel and a IO cm resolving gel were electrophoresed at 2. 5 mA/gel. The gels were frozen on dry ice, manually sliced into I mm sections, dispensed into vials and incubated in scintillation cocktail at 56 °C for I5 h before the samples were counted. The liquid scintillation counting cocktail consisted of 4Yo Protosol (v/v) in Econofluor (New England Nuclear Corp.). Samples were counted in a Beckman LS-25o Liquid Scintillation System with an automatic quench control for dual-labelled samples.
Column isoelectric focusing. Purified virus in o.2 M-tris buffer (pH 8.o) was mixed with Triton N-IoI (2~, v/v) and incubated for ~ h at 37 °C with occasional mixing. The preparation was held for an additional I8 h at 4 °C and the nucleocapsid was removed from the solubilized envelope proteins by centrifugation at r8oooog for 3 h in a Beckman 42.I rotor. The supernatant containing the virus glycoproteins was made 5 M with ultrapure urea (Schwarz-Mann) and held at 4 °C until applied to the isofocusing gradient.
The solubilized virus was isoelectrically focused in an LKB-8IOI (IiO ml) Ampholine column (LKB-Produkter AB), with a voltage and current-regulated LKB-2 lO 3 power supply (LKB-Produkter AB). Linear 4 M-to 8 M-urea gradients contained 2.75 ~o (v/v), pH 5 to IO, Ampholine mixture (LKB-Produkter AB) and o'o5~o Triton N-IoI. Application of the sample to the gradient and isoelectric focusing were done as described by Dalrymple et al. (1976) . When isoelectric focusing was complete, usually after 24 h, fractions were collected and monitored for radioactivity and pH. Peak fractions were pooled and dialysed at 4 °C against phosphate buffered saline (PBS, pH 7"4) containing o'3 M-urea (w/v) for 4 h and against PBS for an additional 18 h. Proteins in the samples were analysed for purity and identity by PAGE. Virus antigens used for immunization were stabilized by the addition of normal rabbit serum to a concentration of I ~o (V/V) and stored at --70 °C in small volumes.
Preparation of antisera and serological tests. Subunit antisera were prepared in rabbits according to the method of Dalrymple et al. (1976) . Haemagglutination-inhibition tests were performed by the method of Clarke & Casals (1958) modified for use with microtitre plates; gander erythrocytes were used in this test. Plaque-reduction neutralization tests (p.r.n.t.) were performed by the method of Russell & Nisalak (1967) and the anti-globulin neutralization test by the technique of Brown et al. (1969) . Immune lysis was performed by the method of Stollar (1975) and gel diffusion by the method of Zimmerman et al. (1971) . The solid phase radioimmunoassay (SPRIA) system of Trent et al. (I976) was used for the quantification of IgG reactive with purified VEE virus.
RESULTS

Formation of VEE structural proteins
The envelope glycoproteins of the alphaviruses are designated by their precursor-product relationships (Baltimore et al. 1976) . Translation of the 26S Sindbis virus mRNA is initiated at one site and proteolytic cleavages occur at several sites during polyprotein synthesis (Strauss & Strauss, 1977) . A putative scheme for the formation of alphavirus structural polypeptides has been described (Wirth et ak 1977) and is summarized here. The first cleavage releases the capsid (C) protein from the polysome and the nascent polypeptide becomes inserted into the membrane of the rough endoplasmic reticulum. A second nascent cleavage releases the precursor to the second envelope protein (P-65, formerly known as PE~) from the polysome. Another proteolytic cleavage then occurs in the membrane and converts PE~ to the smaller structural glycoprotein E~. Meanwhile, E1 is translated and this polypeptide is also inserted into the membrane.
To establish the post-translational cleavage scheme for the VEE structural polypeptides, we have followed their synthesis by pulse-chase techniques in infected cells after synchronous initiation of translation (Saborio et al. I974; Clegg, I975; Lachmi & Kfifiri~inen, 1976) . The results obtained from one such experiment are shown in Fig I. As can be seen in lane (a), following a 4 rain pulse, most of the label is present in three proteins--the capsid (C) protein, the smallest envelope glycoprotein (El) and the putative PE2 precursor, p65. After a 6o min chase (lane b), much of the label from PE2 is chased into the larger structural glycoprotein, E~. Similar results are seen after a IO min pulse, with label from PE~ being chased into E~ after 60 min. Other proteins can be seen in the autoradiogram (ns-II2, ns-7% and ns-7o), but their precursor-product relationships must await further investigation by tryptic peptide mapping, as must the definitive proof of the relationship between PE2 and E~ proposed here. 
Molecular weight determinations
The mol. wt. of the VEE virus structural proteins were determined by co-electrophoresing the polypeptides of the TC-83 strain of VEE virus with those of the New Jersey strain of vesicular stomatitis virus (VSV), since the mol. wt. of the latter have been well-characterized (Obijeski et al I974; Fig. 2 ). Using the equation for a logarithmic One) curve fit [y=a+b(lnx)] and the VSV L, N and M proteins as standards, we determined the tool. wt. of the structural proteins of the TC-83 strain of VEE virus to be approx. 59ooo, 49o0o and 36000. The tool. wt. of the structural proteins of I3 other VEE virus strains were then determined by co-electrophoresis in tube gels with the proteins of the TC-83 virus. The results are presented in Table 2 . Each value represents the mean of three determinations. The coefficients of determination for the logarithmic curve fits (0"9628 to 0"9999, data not shown) indicated a high correlation of the tool. wt. with the electrophoretic mobility. The nucleocapsid proteins of all strains were similar in size (tool. wt. 35 ooo to 36 ooo). The smaller~envelope glycoprotein tool. wt. varied from 48 ooo to 5I ooo. The apparent tool. wt. of the larger envelope glycoproteins ranged from 53 ooo to 59ooo. Purified Pixuna vii-ions contained two major glycoproteins of mol. wt. 53 ooo and 5oooo and an additional structural protein of mol. wt. 59ooo which was approximately the same size as the TC-83 virus E~ envelope protein (Fig. 3) .
To verify the results obtained by co-electrophoresis of the VEE virus structural proteins in tube gels, we analysed the proteins of selected VEE virus strains by discontinuous slab SDS-PAGE. A fluorogram of a typical gel is shown in Fig. 4 . Examination of the protein patterns indicated that all strains except Pixuna contained two envelope proteins. Pixuna virus contained three envelope proteins as previously observed (Fig. 3) . These three Pixuna proteins were shown to be envelope glycoproteins by their detergent solubility and labelling with 3H-fucose (data not shown) as are E1 and E~ of the Trinidad donkey strain (Fig. 5) 
Column isoelectric focusing
Solubilized envelope glycoproteins from purified virions were isoelectrically focused in urea gradients and their identities and pls were determined. The isoelectric focusing profiles of the envelope proteins from both the Trinidad donkey and Pixuna strains of VEE revealed two peaks of radioactivity (Fig. 6) . The neutral glycoprotein of the Trinidad donkey strain focused at an approximate isoelectric point (pI) of 7"0 and the second glycoprotein at a pl of 9"0 (Fig. 6a) . The isoelectric points of the Pixuna envelope glycoproteins were 7"6 and 9"0 respectively (Fig. 6b) . The identity of the protein in each peak from the isoelectric focusing column was established by co-electrophoresis with the structural proteins of the TC-83 strain. Fig. 7(a) illustrates that the protein of the Trinidad donkey strain which focused at pI 6-8 was El. The glycoprotein which focused at pI 9-25 was E~ (Fig. 7b) , although a slight difference in migration could possibly be attributed to manipulation during the prior isoelectric focusing procedure. These findings were typical of all other VEE virus strains studied, with the exception of Pixuna virus. The Pixuna glycoprotein which focused at pH 7"6 was identified as E1 (Fig. 8a) ; however, two glycoproteins focused at pI 9"0 (Fig. 8b ). These were identified by co-electrophoresis as a minor glycoprotein, gP-57, and IV 9"0* 7-6 * The Pixuna pI 9"0 protein peak contained a minor glycoprotein of mol. wt. 58000 and the major larger glycoprotein of mol. wt. 53000. the larger major envelope protein, E2 of mol. wt. 53 o00 which had been previously observed in SDS-PAGE gels (Fig. 3) . lsoelectric point estimations for the envelope glycoproteins of VEE strains representing all serotypes are tabulated in Table 3 . As can be seen here, the pI of the E2 protein of the various strains varied from 8"5 to 9"4 and the pI of the E1 glycoproteins ranged from 6"7 to 7"6.
Antigenic analysis of envelope glycoproteins
To measure the total amount of IgG class antibody in the E2 and E 1 antisera which would react with the intact virus, we analysed the sera by solid-phase radioimmunoassay (SPRIA; Fig. 9 )-If the serum dilution endpoints in this experiment are taken as those dilutions giving less than or equal to twice the ct/min of the control serum, the RIA endpoints for the anti-E2 and anti-E 1 sera were about I : I5oooo and 1:4ooooo respectively. The sera produced against the VEE virus E~ and E1 glycoproteins contained approximately equal amounts of IgG class antibody as measured by this immunochemical test.
Immune lysis tests were performed with 3H-uridine-labelled purified virions and antiserum to whole virus as well as antisera to the E1 and E2 antigens of the Trinidad donkey strain of VEE virus (Fig. IO) . Antiserum to either glycoprotein as well as to whole virions effected complement mediated immune lysis of whole virions. Antibody prepared against E2 (pI 9) protein, however, was more reactive in the immune lysis test than that made against Ea (pI 7) protein. Antiserum to E 1 glycoprotein produced maximal lysis at very low dilutions Iooo-fold less than the E2 antiserum), even though the amount of IgG class antibody in the E1 serum was approx, twofold less than the Ez serum as determined by radioimmunoassay.
The biological activity and serological specificity of the envelope proteins of the eight prototype strains of VEE virus were characterized using antisera prepared agains t E1 (gp-5o) and E2 (gP-57) glycoproteins in haemagglutination-inhibition (HI) tests against homologous and heterologous whole virus antigens. The results of the HI tests with these sera are shown in Table 4 -Antisera prepared against the E1 glycoproteins gave high tRres by SPRIA; however, they possessed little or no HI activity (data not shown). Antiserum to the Ez glycoproteins of all the prototype strains reacted in the HI test. Antiserum to the E2 glycoprotein of the Trinidad donkey strain (subtype IA) reacted at equal titres with IB antigen and at much lower titres with viruses representing other subtypes and varieties. The E~ antiserum of virus PTF-39 (subtype I B) reacted at highest titre with homologous antigen but also gave significant reactions with the subtype I varieties I A and I C. Antiserum to IC isolate, P676, reacted to highest titre with homologous antigen. Antisera to the E~ proteins of I D and I E varieties of subtype I, Everglades (subtype II), Mucambo Reciprocal of highest dilution of acetone-extracted antiserum exhibiting total inhibition of 4 to 8-units of virus haemagglutinin in 0.o25 ml. Replicate tubes were prepared containing ioo/zl of diluted serum, 25/zl of guinea pig complement, and ioo/zl of 8H-uridine labelled Trinidad donkey VEE virus. The samples were incubated at 37 °C for 2"5 h, treated with 200/zl of RNase A (50 #g/ml) and. incubated for 30 min at 37 °C. Then ioo/zl of 50 9/0 TCA were added, the TCA-precipitable material was solubilized and the radioactivity measured.
(sub-type III) and Pixuna (subtype IV) reacted very specifically with homologous antigens in the GI test. From these HI results we conclude that the prototype VEE virus isolates should be designated as AB, C, D and E varieties of subtype I and as subtypes II, III and IV.
To determine which of the envelope glycoproteins was responsible for the induction of neutralizing antibody, we evaluated the Ez and E~ antisera in a standard plaque reduction neutralization test and an anti-globulin enhanced neutralization test. Antiserum to the E2 glycoproteins, but not the E1 glycoproteins, effectively neutralized virus infectivity. The To determine the antigenic relationships of the two envelope glycoproteins of VEE virus, purified E1 and E2 proteins were examined by immunodiffusion reactions (Fig. 1 I) . With E1 glycoprotein in the central well ( Fig. I I a) precipitin lines formed only with antisera to the purified E1 glycoprotein and not with antisera to E~ glycoprotein. When this precipitin • test was done with E~ glycoprotein in the central well (Fig. 11 b) , precipitin lines formed only with the homologous E2 rabbit antisera and not with Ex glycoprotein antisera. These results indicate that the E x and E~ glycoproteins are antigenically distinct and do not share either common antigenic determinants or, as seen from serological results, biological functions related to virus neutralization or haemagglutination.
DISCUSSION
We have analysed and characterized the structural proteins of VEE viruses using several techniques. All of the VEE strains tested which belong to serogroups I to III contain two envelope glycoproteins which are present in equimolar proportions and a core protein. The mol. wt. and isoelectric points of the E 1 and E~ envelope glycoproteins varied only slightly for strains representing these serotypes. SDS-PAGE profiles of Pixuna virus, belonging to serogroup IV, were distinctly different from those of the other strains. Pixuna virus contains three envelope proteins, two major proteins of mol. wt. 53000 and 50000 and a minor protein of mol. wt. 57000. The 53000 and 57000 mol. wt. proteins focus at pI 9"0 in the isoelectric column, suggesting that the primary structure of the two proteins is similar. Perhaps the 57000 mol. wt. Pixuna protein is a precursor to the larger 53000 mol. wt. protein which sometimes is incorporated into the virions in an unc!eaved form, but would otherwise be analogous to the p65 or TC-83 virus. Pulse-chase experiments to demonstrate the precursor to Pixuna E2 glycoprotein have not been successful, therefore peptide map analysis of the Pixuna envelope glycoproteins must be done to determine the relationship of the largest glycoprotein to the two major envelope structural proteins.
In contrast to the data presented in this study, Petersen & Eddy (t975) reported that VEE viruses could be divided into five electrophoretic groups on the basis of apparent differences in the number (I to 3) mol. wt. of the envelope proteins. The reasons for the discrepancy in their observations and those reported in this study using identical virus strains are not clear. However, over a 3-year period we have used PAGE reagents which have at times produced variable results. Reproducible, concise PAGE patterns could only be obtained using reagents of the finest quality. In particular, we have found that the sources of SDS and acrylamide and the quality of the distilled water were of extreme importance. An analysis of the influence of SDS on the PAGE patterns of Sindbis and foot and mouth disease viruses has been previously reported (Matheka et al., I977) . The materials used in this communication produced PAGE patterns of VEE virion proteins which are highly reproducible. When other reagents were used, PAGE patterns which contained from I to 5 envelope glycoprotein bands were frequently seen. We suggest that poor reagent quality may explain the presence of extra envelope glycoprotein bands and the failure to resolve the VEE virus glycoproteins fully (Pedersen & Eddy, I975) .
A small glycoprotein (E3) of Ioooo mol. wt. is present in Semliki Forest virus particles (Garoff et al. I974; Helenius et al. I976) . In our studies no evidence for the existence of a similar protein in VEE virions was found by PAGE analyses of aH-fucose-labelled structural proteins. Isoelectric focusing profiles of solubilized VEE envelope proteins also provided no evidence for the existence of a very small envelope glycoprotein in the VEE virion. We did find that the pls and mol. wt. of VEE virus Et and E2 glycoproteins are similar to those of Sindbis virus (Dalrymple et al. (I976) . However, they are reversed in size, i.e. the Sindbis E1 has a larger mol. wt. whereas the VEE Ez is the larger glycoprotein. (Helenius et al. I976 ) . Antibody to the E2 glycoprotein was found to be more reactive than antibody to the E 1 glycoprotein in complement-mediated immune lysis of whole virions. This suggests that the larger glycoprotein (E2) is more exposed on the surface of the virion than El, in contrast to the larger E1 protein of Sindbis virus, which is less exposed than E2 (Sefton et al. r973 ). The results obtained in the present study suggest that the topographical arrangement of the VEE envelope glycoproteins in the intact virion may be different from that of Sindbis virus. However, in both cases the haemagglutinin appears to be the protein more exposed on the surface of the virion.
Young & Johnson (I969) used antisera from the spiny rat (Proechimys semispinosus) in a kinetic HI test to subtype VEE virus strains from the Americas. It was later recommended that because subtypes I A, I B and I C were closely related serologically that the epizootic subtypes be designated IABC (Johnson & Martin, i974 Scherer & Pancake, I977) . The results reported in this study indicate that the largest envelope glycoprotein, E~, contains the virus-specific antigenic determinants. Antisera produced in rabbits against this protein reacted Specifically in the HI test with all subtypes except I A and I B. Using antisera to Trinidad donkey (IA) and PTF-39 (I B) E~ proteins we have been able to distinguish the IC variant (P676) from the IA and IB variants: conversely, the antiserum to E2 of the I C variant reacted to highest titre with homologous antigen. In the neutralization test, the Ez antisera oflA and I B viruses did not differentiate the IA, IB or IC varieties; however, all of the other E~ antisera reacted very specifically in the neutralization test.
On the basis of the antigenic relationships established using antisera to the E~ envelope glycoproteins, we suggest that VEE virus strains originally designated I A, I B and I C by Young & Johnson (I969) be classified as IAB~/and IC, respectively. Oligonucleotide map analysis of the RNA from prototype VEE virus isolates has demonstrated that the primary structure of the genome of each serotype contains unique nucleotide sequences which are characteristic of these specific serotypes (Trent et al. I979) . The antigenic analysis of the E~ glycoproteins presented here together with the immunochemical analysis of the Ex glycoproteins (Trent et al. I979) and oligonucleotide fingerprint analysis of the genome RNA provides a molecular basis for differentiation and classification of VEE virus isolates.
